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Abstract The 2004 tsunami left a discontinuous pattern

of destruction in the reefs along Andaman Sea coast of

Thailand. Here, a comparative assessment of coral

recruitment was carried out to assess differences in

recovery between damaged and undamaged sites in near-

shore fringing reefs 1 and 3 years after the tsunami. Set-

tlement plates showed high frequencies of coral spat after

4 months (\17 spat tile-1) in both, damaged and undam-

aged locations. Field surveys carried out 3 years after the

tsunami on natural substrate confirmed that tsunami dam-

age did not suppress recruitment in damaged sites relative

to no impacted controls. New and stable settlement space

along with unabated larval supply supported post-tsunami

recruit densities up to 7.2 m-2 year-1. Mean recruit den-

sities were found at the level of post-storm situations with

rapid recovery success, suggesting that the duration of

disturbance, degree of sorting and, hence, stability of coral

rubble is a key determinant of recruitment success. Low

regeneration success of some species e.g. branching

acroporids and rebounding tourism industry at sites like

Patong and partly around the Phi Phi Islands (dense carpets

of filamentous algae) led to the assumption of selectivity

and eventually to an alternation of the coral community

even though live coral cover might be recovered soon.

Keywords Recovery � Recruitment � Corals � Tsunami �
Destruction � Tourism

Introduction

The 26 December 2004 hitting the west coast of Thailand

had a much higher impact on land than in the sea (DMCR

2005). During a rapid assessment 3 weeks after the event,

only about 13% of the coral reefs in the Andaman Sea were

found to be highly damaged ([50% of corals destroyed),

while almost 40% showed no measurable impact by the

tsunami (DMCR 2005). The degree of damage on coral

reefs was found to be related to exposure to and amplifi-

cation of the incident wave due to local differences in

bathymetry and coastline leading to a localized pattern of

destruction (Allen and Stone 2005; DMCR 2005). Gener-

ally, the highest impact was found between adjacent islands

(funnelling effect) and in areas with shallow embayments

or shallow exposed reefs (Phongsuwan et al. 2006). Corals

were overturned (the massive Porites lutea and table corals

such as some Acropora and Montipora spp.), broken

(branching species e. g., Acropora spp.) or buried by debris

or sediment, while less consolidated colonies slid away

with the substrate (DMCR 2005).

So far, there is no precedent in the scientific literature

for a coral recovery study after tsunami. Time spans for

recovery after other large-scale mechanical disturbances

such as tropical storms are highly variable, e.g. from only
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few years in storm-beaten reefs in Florida (Shinn 1976) and

Phuket Island (Phongsuwan 1991), from few year to sev-

eral decades in Heron Island, Australia (Woodhead quoted

by Pearson 1981, Connell et al. 1997) and Hawaii (Dollar

and Tribble 1993), and up to a century in British Honduras

(Stoddart 1974). Other reefs may fail to recover altogether

under continued unfavorable combinations of natural and

anthropogenic stressors (Woodley et al. 1981; Woodley

1989; Rogers and Miller 2006).

Reef recovery is driven by two processes: sexual

propagation with re-colonization of freshly exposed sub-

strate by new recruits and asexually by regeneration of

damaged coral colonies or fragments. The success of re-

colonization is dependent on larval supply, suitability of

substrate as well and competition and predation (Pearson

1981). It is not known at present to what extent the tsu-

nami may have affected any of these factors governing

coral recruitment.

On the one hand, the small-scale patchiness of

destruction both between and within reefs (DMCR 2005)

may allow for an uninterrupted supply of larvae from

undamaged to adjacent damaged reefs. On the other hand,

the loss of more than half of the colonies in heavily

impacted reefs may have rendered reproductive success

critically low (Allee effect; Stephens and Sutherland

1999), particularly for short range dispersing species.

Although connectivity between reefs has been emphasized

for many reef organisms at various scales (e.g. Williams

et al. 1984; Roberts 1997), self-seeding with a significant

fraction of propagules settling within the natal reef has

been shown, as well, in studies of larval dispersal

(Sammarco and Andrews 1989; Black et al. 1990; Jones

et al. 1999).

The success of re-colonization is also governed by the

substrate composition. Well-sorted rubble following

tropical cyclones in response to a high number ([1,000)

of huge waves, may provide a ‘‘killing field’’ for coral

recruits (Thongtham and Chansang 1999, Tamelander

2002; Fox and Caldwell 2006). By contrast, unsorted

rubble of various sizes, broken and overturned corals

generated by large but few (\10) tsunami waves may

provide an interlocking framework, thus enhancing sub-

strate stability and, hence, coral recruitment. These dif-

ferent substrate characteristics need to be considered in

the recruitment process, together with the abundance of

potential space competitors such as algae, expanding adult

coral colonies and bryozoans. In terms of predation, co-

rallivore fishes were rare and herbivore fishes were

abundant in ‘normal densities’ before, as well as after the

tsunami (Allen and Stone 2005).

Generally, the asexual process of regeneration proceeds

smoothly, if the lesion is not too large and the coral is

healthy (Knowlton et al. 1981; Woodley et al. 1981). For

some branching species (e.g. Acropora spp.), mechanical

fragmentation and subsequent regeneration is the dominant

way of reproduction (Highsmith 1982), but also massive

corals, such as Porites lutea dominating in the Andaman

Sea of Thailand, are known for their rapid regeneration

after damage (Highsmith 1980; Phongsuwan 1991; Brown

et al. 2002).

The degree of damage determines the favorable mode of

recovery, while heavy damage with high coral mortality

results in a rather slow recovery process of re-colonization

(Connell et al. 1997).

The aim of this study was to assess the recovery of

tsunami impacted reefs relative to reefs less affected by

destruction. Recruitment success was hypothesized to be

high in areas with large areas of freshly exposed solid

substrate in spite of a potentially patchy larval supply.

Also, regeneration was expected to be rapid compared to

results of previous studies (Phongsuwan 1991; Brown et al.

2002). The following variables influencing coral recruit-

ment and potential reef recovery were investigated: (1)

recruitment in damaged and undamaged sites, (2) abun-

dance of suitable substrate for planula larvae to settle on,

(3) abundance of potential space competitors of coral

recruits and (4) survival of damaged corals. Two depths

were chosen due to a much higher tsunami impact in the

shallow reef (\4 m deep) compared to deeper areas.

The results of this study are discussed in the light of

previous storm recovery studies in order to provide a

baseline for conservation and management of the tsunami

affected areas.

Materials and methods

Study sites

The study was carried out in reefs fringing the island of

Phuket as well as the Phi Phi Islands in Phang Nga Bay,

which were affected to various degrees by the 2004 tsu-

nami. Two depths were chosen in the context of higher

tsunami impact in the shallow reef area (\4 m). The Thai

region features a monsoonal climate, where the wet and

stormy SW monsoon season is from May to November,

and the dry season with the calm NE monsoon is from

December to April. In 2005, the SW monsoon was

exceptionally dry in the beginning (except May) and

above-average rainfall occurred during the end of the

season (September–November) (Southern Meteorological

Center, Thailand). The Andaman Sea is comparatively

nutrient rich, due to upwelling and land run-off (Janekarn

and Hylleberg 1989; Brown et al. 1999). In spite of

growing anthropogenic pressures, the coral reefs are still in

a fairly good condition (Brown 2007).
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Phi Phi islands (Krabi Province)

The Phi Phi Islands consist of 6 limestone islands located

40 km southeast of Phuket and about 30 km west of

Krabi in Phang Nga Bay, a large shallow bay not deeper

than 30 m (Fig. 1). Well-developed fringing coral reefs

are found on the eastern sides of the islands or in areas

protected from SW storms. At most sites, coral grow

down to about 8–10 m depth, but to about 15–20 m at Ko

Phi Phi Lae. The visibility ranges from 5 to 25 m. Mas-

sive P. lutea, branching Acropora spp., such as A. for-

mosa, A. grandis, A. subulata and A. austera and the

tabular A. hyacinthus and A. subulata are the dominant

species.

Although the Phi Phi Islands were declared a marine

national park in 1983, unrestricted access by the tourism

industry has led to the degradation of the surrounding reefs

(Chou et al. 2002). There is no sewage treatment plant,

only some collecting ponds and it remains unclear, where

the wastewater enters the sea. Some of the coral reefs were

strongly hit by the tsunami in December 2004 and suffered

severe damage, while other areas remained untouched,

providing an ideal setting for testing small-scale differ-

ences (\10 km) in coral recruitment as a function of reef

damage.

Seven study sites were chosen, three damaged (marked

with a ‘D’ superscript in the following) and four undam-

aged sites (Fig. 1). Highest tsunami damage occurred at Ko

Pai and at Lolana Bay (up to 50% damage) and at the

northern end of Ko Phi Phi Lae (30–50% damage) (DMCR

2005).

The remaining study sites Ko Yoong, Leam Tong, Hin

Phae and Ko Phi Phi Lae SE were only slightly damaged or

completely untouched (DMCR 2005).

Phuket

Coral reefs are well developed on the west coast in pro-

tected bays and on some areas along the southern coast.

The study site South Patong in the Southwest of Phuket

(Fig. 1) is a tourist hotspot with over 30,000 hotel bed-

rooms. Corals grow to about 7 m depth and the dominant

species are P. lutea, D. heliopora, Millepora sp., H. co-

erulea, Lobophyllia sp., few branching corals such as A.

formosa, few table corals and encrusting corals. About 30%

of waste waters of the city of Patong are untreated and

being discharged into the bay only a few hundred meters

away from the investigated reef smothering the corals. The

visibility is 5–10 m.

South Patong is the only reef area on Phuket, which was

severely impacted by the tsunami (DMCR 2005).

Settlement plates

A settlement experiment was carried out 1 year after the

tsunami to evaluate coral larvae distribution between

damaged and undamaged sites and to quantify space-

competing algae and fouling organisms. From acrylic

board (2.5 mm thick), 12 cm 9 12 cm plates were cut,

roughened with a metal brush and fixed in triplicates in a

vertical position on 1-m iron rods. Six rods were fixed in an

upright position for every location and depth (shallow: reef

edge *3 m and deep: lower reef slope *7–10 m) result-

ing in 2 depths 9 6 rods 9 3 plates = 36 plates per study

site. Although acrylic shares the disadvantages of all arti-

ficial settlement plate material compared so far in being

highly selective for certain taxa (Harriott and Fisk 1987;

Dunstan and Johnson 1998; Heyward and Negri 1999;

Petersen et al. 2005; Mangubhai et al. 2007), as opposed to

Ko PaiD
Ko Yoong

Leam Tong

LolanaD

Hin Phae

Phi Phi Lae ND

Phi Phi Lae SE

07°40’N

98°40’E

Phi Phi 
Islands

Phuket

Patong D

50                      (km)                        0

Source: http://reefgis.reefbase.org Source: PMBC, Thailand

a b

Fig. 1 Map of middle section of the Andaman coast of Thailand (7.57�N–8.60�N) (a) and the Phi Phi Islands (b), indicating the study sites
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natural reef substrate (e.g.Morse and Morse 1996), they are

nevertheless useful in detecting differences in coral

recruitment in both, space and time.

All the settlement plates were deployed early November

2005. For a given site and depth, the triplicate plates of rod

number one were replaced after 1 month, the plates of rod

number two after 2 months, etc., resulting in a time series

of settlement of varying exposure period (up to 4 months,

early November 2005 to early March 2006; Table 1).

After removal, plates were allowed to dry in the sun for

2–3 days for examination with a magnifying glass and

stereo microscope. Settlement plates were searched for

coral spat and specimens identified to family level

according to Babcock et al. (2003). The abundance of

fouling organisms (filamentous algae, crustose coralline

red algae and sessile fauna such as barnacles, bivalves,

bryozoans and spirorbid worms) was recorded on an ordi-

nal scale between 0 (absent) and 5 (replete). Category 5

applied to high densities of filamentous algae featuring

long filaments; crustose coralline algae covering most of

the plate in thick patches; bryozoans covering more than

40% of the plate; spirorbid worms in excess of 40 indi-

viduals per plate; bivalves and barnacles with more than 25

individuals per plate, respectively.

Statistical analyses were conducted with the software

SAS. The data collected on one rod (3 plates) were treated

as one replicate. A Poisson regression was carried out since

the coral spat densities followed a Poisson distribution. The

data set of the 4-month period was used to assess the

effects of three indicator variables (1) ‘status’ (damaged,

undamaged), (2) reef ‘sites’ (Ko Yoong, Leam Tong, Hin

Phae, Phi Phi Lae SE, Phi Phi Lae N, Ko Pai, Lolana,

Patong) and (3) ‘depth’ (shallow, deep) on the response

variable ‘coral spat’ density, whereas ‘sites’ were nested

within ‘status’. The effects of filamentous and crustose

coralline red algae and of fouling organisms (additional

indicator variables) on coral spat densities were analyzed in

a separate run of Poisson regression.

To test for differences in coral spat abundances between

the two seasons (November–January end of rainy season,

January–March dry season) data of the 2-month period

were used and Poisson regression was applied. The addi-

tional indicator variable was ‘season’, however, the vari-

able ‘site’ was eliminated, because each site was

represented by only two data points (one deep rod, one

shallow rod). The effect of seasonality on algae and fouling

organisms was tested with univariate ANOVA using sea-

son and depth as fixed factors; and the sites were treated as

replicates. Levene0s test was applied to test homogeneity of

residuals.

Succession over the 4-month period was analyzed

graphically.

Visual census of coral recruits in situ

In this paper, we distinguish between newly settled corals

(‘‘coral spat’’) on settlement plates and the young corals

(‘‘coral recruits’’) in the field.

Visual census of coral recruits was done 1 year (Janu-

ary/February 2006) as well as 3 years (November 2007)

after the tsunami in proximity to the settlement plates at all

sites, along the reef edge and the lower reef slope in order

to quantify the success of coral recruitment. Recruits were

counted on natural substrate using a 0.5 9 0.5 m square

(0.25 m-2) placed at random (n = 10) in areas dominated

by dead coral substrate and summed up (recruits 2.5 m-2).

Within the quadrates, 0.5–2.0-cm coral recruits (diameter)

were recorded. Visual census with unaided eye allowed

undoubted recruit identification only for the genus Pocil-

lopora; all other scleractinians were recorded as ‘‘other’’.

Given linear extension rates of [1 cm year-1 even for

slow-growing taxa in the area (Phongsuwan 1991; Scoffin

et al. 1992), it was assumed that the bulk of the recruits had

settled after the tsunami.

For statistical analyses, Levene’s test was applied to test

homogeneity of residuals and univariate ANOVA was used

to compare recruit abundances. Status and depth were fixed

factors, and the sites were treated as replicates.

Line intercept transects

Line intercept transects (English et al. 1994) were carried

out in January/February 2006 (i.e. 1 year after the tsunami)

to determine live coral cover and the availability of suitable

substrate for coral larvae settlement. With a measuring

tape, 20-m transects (n = 3) were laid out along the reef

edge and the lower reef slope in proximity to the settlement

plates at all sites. The substrate directly under the tape was

assigned to the following categories—live coral (LC), dead

coral (DC), other organisms (including soft coral, sponges

and giant clams), coral rubble (RB), sand (SA), macroalgae

and categories recorded to the nearest cm. RB included

small pieces of coral skeleton (\10 cm long), while DC

was composed of coral skeleton pieces larger than RB,

Table 1 Experiment design for one study site and depth including

the intervals of plate replacements

rod 1 1 month

rod 2
rod 3 1 month

rod 4
rod 5
rod 6 4 months

3 months

Nov - Dec Dec - Jan Jan - Feb Feb - Mar

2 months 2 months

exposure time

3 months

4 months

4 months

Exchanged plates (gray)
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dead patches on coral colonies and entire dead colonies up

to few meters in diameter. The respective mean percentage

cover of each component was calculated for each location

and depth.

Results

Settlement plates

Coral spat

Pocilloporids dominated by far the coral spat on the set-

tlement plates, in spite of the dominance of adult Acro-

poridae and Poritidae in the reefs. Spat were patchily

distributed between the plates, ranging from 0 to 17 spat

plate-1 and a total of 394 spat for all plates. Coral spat

densities were lower during the first 2 months of the

experiment (November 2005–January 2006), compared to

the last 2 months (January–March 2006) (Table 3; Fig. 2).

There was no detectable difference between damaged and

undamaged sites after 4 months. More coral spat were

found in the deeper areas; however, the difference between

the 2 depths varied between damaged and undamaged sites

(Table 3) and the high number of coral spat at Ko Yoong

deep (Table 2) strongly influenced this result. The high

variations in spat abundances between the sites led to site

effects at all sites in damaged as well as in undamaged

reefs (Table 3, Online Resource 1 shows graphical illus-

tration of spat densities).

Coral recruitment showed a functional response to fila-

mentous algae with highest coral spat densities on plates

with intermediate algae cover (Online Resource 2).

A positive relationship between crustose coralline red algae

and coral spat (Morse and Morse 1996) was not detectable.

Algae and fouling organisms

Filamentous and crustose coralline red algae showed a

clear seasonality with a higher abundance within the first

2 months (Fig. 2, ANOVA P \ 0.001 for both). Depth had

no effect on the distribution of filamentous algae (ANOVA

P [ 0.05). However, crustose red algae were significantly

more abundant in the shallow reefs (ANOVA P = 0.016).

There were pronounced differences in algal cover between

sites: LolanaD had the highest abundance of filamentous

algae followed by PatongD, while the lowest densities were

found at Leam Tong and Phi Phi Lae SE (Online Resource

3). Sediment was trapped between the algal filaments of

densely covered plates especially in the deeper area of Ko

Yoong and LolanaD.

Highest abundances of crustose algae were found at Ko

PaiD and LolanaD displaying thick algae crusts on the plates.

Although the abundance of fouling organisms (bryozo-

ans, spirorbid worms, bivalves, barnacles) was generally

low, some plates had high abundances of certain groups

(e.g. spirorbid worms) and variation was sometimes high

on the level of a single rod. Peak abundances were visible

in the deeper area of PatongD, where bryozoans ([40%

coverage) and bivalves (9–15 ind. plate-1) showed the

highest abundances. Seasonality was not significant, but

showed a similar pattern as filamentous and crustose algae

(Fig. 2, ANOVA P [ 0.05). An overgrowth of spat by

bryozoans was observed in some cases.

Succession took place following the expected pattern, in

which filamentous algae and crustose coralline red algae

are the first settlers being than gradually replaced by sessile

animals, such as bryozoans and bivalves and finally by

corals (Online Resource 4).

Coral recruits on natural substrate

There was a significant increase in coral recruitment

between one and 3 years after the tsunami (ANOVA

P = 0.016), but no differences between either damaged

and undamaged or shallow and deep reefs (ANOVA

P [ 0.05). One year after the tsunami, the highest density

of recruits was found at Lolana BayD with more than 6

recruits m-2 in the shallow reef area followed by Leam

Tong. Almost 2 years later, Ko Yoong showed the highest

recruit density and Lolana BayD was situated around the

average of all sites (Table 4). Generally, pocilloporids

contributed the bulk of the recruits; but variation between

sites was very large ranging from 0% pocilloporids in

shallow Hin Phae after 1 year to 100% in shallow Leam

Tong after 3 years (Table 4).

Fig. 2 Abundance of coral spat, filamentous algae, crustose algae

and fouling organisms after 2 months: November 2005–January 2006

(blank), January–March 2006 (dotted), indicates seasonality. The y-

axis represents the categories of abundance/density: 1 = very low,

5 = very dense/high abundance. Box: lower/upper quartile and

median (bold black line); whisker (vertical line): extend of rest of

the data; outliers: circle: measured value is higher/smaller than the

upper/lower quartile ?1.59 quartile distance, star: measured value is

higher/smaller than the upper/lower quartile ?39 quartile distance
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No relationship was visible between the number of spat

and the number of recruits for either pocilloporid corals

alone or the ensemble of corals. At Ko Yoong, which

showed an extremely high abundance of pocilloporids on

the plates, the number of recruits was found within the

range of other sites (Tables 2, 4). Also, no connection

between recruit densities and algae abundance (on plates)

could be found (Online Resource 5).

Additionally to the \1-year-old recruits some older

recruits (1–3 years), in particular fast growing Acropora

spp. (10–20 cm in diameter), were observed during the

November 2007 survey on tsunami-generated dead corals

at Lolana BayD and PatongD.

Substrate composition and survival of damaged corals

Highest LC cover was found at Ko Yoong in the shallow

reef (57%). In five out of eight cases, a higher LC cover

was found in the shallow area; the opposite situation was

observed at LolanaD and PatongD and Hin Phae. The cover

by DC was highest in the shallow areas of damaged reefs in

particular at Ko PaiD and LolanaD with 59% largely due to

overturned Porites heads. But also the deeper reef areas

showed a higher abundance of DC compared to the

undamaged sites. In contrast, we found no relation between

RB cover and tsunami impact. The only site with high

rubble cover was Phi Phi Lae SE deep with 49%, while the

other sites were lying generally between 10 and 20% at

other sites (Fig. 3, Online Resource 6 presentation in

numbers). No correlation was found between LC and coral

recruit densities.

Many of the overturned or toppled Porites heads sur-

vived, showing partial re-growth around the edges.

Branching coral species such as Acropora spp. were

severely impacted in some areas; many fragments were

dead in the shallow water, particularly on the reef flat.

Some fragments on the reef slope survived and showed

new outgrowth, unless covered by sand or debris. Dead

Acropora table corals were found uprooted in the sand and

toppled over specimens in no direct contact with the sed-

iment were found alive even in an upside down position.

New little outgrowths directed to the light could be

observed.

Discussion

The densities of coral spat recorded on the settlement tiles

as well as the recruit abundances on the natural substrates

Table 2 Coral spat abundances on settlement tiles with an exposure time of 4 months

Spat tile-1 Pocilloporidae (%) Acroporidae (%) Poritidae (%) Others (%)

Shallow Deep Shallow Deep Shallow Deep Shallow Deep Shallow Deep

Ko Yoong 0 8.9 ± 4.7 0 97 0 0 0 3 0 0

Leam Tong 2.8 ± 2.4 0.3 ± 1.0 96 100 0 0 0 0 4 0

Hin Phae 0.6 ± 0.9 2.6 ± 1.9 100 88 0 0 0 9 0 3

PP Lae SE 1.6 ± 2.3 0 100 0 0 0 0 0 0 0

PP Lae ND 0.7 ± 1.4 0 77 0 8 0 0 0 15 0

Ko PaiD 1.2 ± 1.9 0.6 ± 0.7 94 100 0 0 0 0 6 0

LolanaD 0.7 ± 1.1 0.3 ± 0.5 81 67 0 17 13 17 6 0

PatongD 3.3 ± 2.4 0.6 ± 1.1 95 33 0 33 4 17 2 17

Average ± standard deviation

Table 3 Results of Poisson regression: coral spat dependency on

status (damaged/undamaged), depth and site (nested within status),

using the 4-month data; effect of season, using 2-month data; effect of

algae and fouling organisms on coral spat abundances, using 4-month

data

Source df SE v2 P

Coral spat (status and depth)

Status 1 0.2443 0.20 ns

Depth 1 0.1782 19.00 \0.0001

Status 9 depths 1 0.3571 37.33 \0.0001

Site (status) Ko Yoong 0 0.0000 – –

Site (status) Leam Tong 1 0.2196 22.86 \0.0001

Site (status) Hin Phae 1 0.2327 26.76 \0.0001

Site (status) PPLae SE 1 0.2897 3 6.20 \0.0001

Site (status) PPLae ND 1 0.4419 1 5.93 \0.0001

Site (status) Ko PaiD 1 0.3018 6.73 0.0095

Site (status) LolanaD 1 0.3737 13.20 0.0003

Site (status) PatongD 0 0.0000 – –

Coral spat (season)

Season 1 0.2367 11.00 0.0009

Coral spat (algae and fouling organisms)

Filamentous algae 1 0.1395 55.27 \0.0001

Crustose algae 1 0.1318 8.64 0.0038

Fouling organisms 1 0.1809 0.08 ns

ns Not significant. P \ 0.05 significant
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indicate a successful supply of coral larvae and subsequent

recruitment not only in the undamaged but also in the

damaged reef areas. Although the predominance of pocil-

loporids on the settlement plates is likely biased, similar to

the overrepresentations found in other settlement plate

studies (Bak and Engel 1979; Harriott and Fisk 1987;

Dunstan and Johnson 1998), the high densities show that

these monthly reproducing brooders (Fadlallah 1983) are

able to disperse to sites featuring only sparse adult brood

stock over a range of several kilometers (cf. Table 5).

The high spat densities are reflected also in the densities

of coral recruits on natural substrate, which increased from

an average 3.2 ± 1.6 m-2 in damaged areas and to

4.15 ± 1.3 m-2 after 3 years. While these findings suggest

successful recovery, it must be kept in mind that the natural

variability in recruitment between years can be pronounced

(Dunstan and Johnson 1998). These results are lying within

the recruit densities found during a 30-year study in the

Great Barrier Reef (1.8–30.3 recruits year-1). The high

fluctuation in the GBR was partly attributed to storm events

and partly to natural temporal variability, while the

recovery success after different storms was found to be

strongly influenced by the severity of storm impact (Con-

nell et al. 1997). At a storm-beaten reef in the Andaman

Sea of Thailand, high recruitment success was found (17–

19 recruits m-2, size \5 cm Ø) due to the abundance of

solid substrate (Phongsuwan 1991). Nevertheless, our

results are outstanding compared to another storm-shat-

tered reef in the area, where low recruitment success was

the consequence of long-lasting unconsolidated rubble (2–4

recruits m-2, size \5 cm Ø) (Thongtham and Chansang

1999). This leads to the suggestion that substrate stability

plays a decisive role in recovery after large-scale distur-

bance. In the context of tsunami, few but very energetic

waves creates a heterogeneous and interlocking framework

with coral debris of various forms and sizes. This was

typical for reefs strongly hit by the tsunami such as Lol-

anaD and Ko PaiD, where dead corals (59%) provide a solid

foundation with a high variation of substrate orientation

and surface complexity, which is known to be supportive

Table 4 Coral recruit abundances on natural substrate

January/February 2006 November 2007

Recruits m-2 Pocilloporidae m-2 Others m-2 Recruits m-2 Pocilloporidae m-2 Others m-2

Shallow Deep Shallow Deep Shallow Deep Shallow Deep Shallow Deep Shallow Deep

Ko Yoong 2.8 2.8 1.6 1.6 1.2 1.2 7.2 5.6 4.8 3.2 2.4 2.4

Leam Tong 4.8 3.2 3.6 1.6 1.2 3.2 2.8 4.0 2.8 0.8 0.0 3.2

Hin Phae 1.2 2.0 0.0 0.0 1.2 1.2 3.2 3.2 1.2 1.2 2.0 2.0

PPLae SE 2.4 1.6 1.6 0.8 0.8 1.2 6.4 2.4 4.0 0.0 2.4 2.4

PPLae ND 3.2 3.2 0.4 0.4 2.8 2.8 2.8 4.4 0.8 0.4 2.0 4.0

Ko PaiD 2.4 1.2 0.8 0.4 1.6 0.8 3.2 4.4 1.6 1.6 1.6 2.8

LolanaD 6.4 3.2 2.4 0.8 4.0 2.4 4.8 4.8 2.4 0.4 2.4 4.4

PatongD 4.0 2.0 1.2 0.8 2.8 1.2 6.4 2.4 2.8 0.0 3.6 2.4

Fig. 3 Substrate composition at different sites and depths

Table 5 Abundance of Pocilloporidae adults, spat and recruits

Adult

[% of LC]

Spat

[no. m-2]

Recruits

[no. m-2]

Ko Yoong 10.96 137 1.5

Leam Tong 1.80 48 1.8

Hin Phae 0.51 42 0.4

PPLaeSE ND 25 1.0

PPLaeND ND 11 0.4

Ko PaiD 0.00 23 0.6

LolanaD 0.00 16 1.5

PatongD 0.46 52 1.0

Damaged sites (D)

ND no data
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for larval settlement and survival (Pearson 1981; Thong-

tham and Chansang 1999).

Space-competing organisms such as algae and a range

of small filter feeders did not seem to have a negative

impact on coral spat and recruit densities leading to the

conclusion of a rather high resilience of corals in the

Andaman Sea being able to successfully compete with

other organisms. This idea is further supported by other

studies in this area, in which high recruitment success and

regeneration of damaged coral colonies after storms,

sediment plumes from dredging, negative sea level

anomalies and increased sea surface temperatures were

found (Phongsuwan 1991; Brown et al. 2002; Brown and

Phongsuwan 2004). Additional evidence for the corals

ability to persist and/or recover quickly are (1) high

growth rates (Phongsuwan 1991; Scoffin et al. 1992), (2)

high tolerance for sedimentation and elevated nutrient

levels (Brown 2007) and (3) preferred spawning during

the end of the dry season when algae growth is sup-

pressed as shown in our results of the settlement plates

and also found by Chanmethakul (2001) and Guest et al.

(2005). Latter might also be a reason for the low con-

tribution of many coral species on the settlement tiles,

where plates were removed (March) just after the onset of

the spawning period (February).

After demonstrating all the positive features of corals in

this region, some weakness in the recovery of branching

acroporids was found. In contrast to massive (e.g. Porites

lutea, faviids) and table-like corals (e.g. Acropora hya-

cinthus, A. clathrata, Montipora spp.), regeneration by

tissue re-sheeting was hardly visible in branching Acropora

spp. resulting in high mortality rates. Only few coral

fragments were still alive after 3 years—in spite of its

alleged fast fixation (Phongsuwan 2006) and their naturally

high recovery potential (Highsmith 1982; Veron 1993).

This goes in line with the findings at a reef off Phuket,

where recovery of branching acroporids after stress from

low sea levels and increased temperature was unsuccessful

in contrast to other species (Brown and Phongsuwan 2004).

After all, this might lead to selection of coral species not

only concerning the regeneration process but consequently

also the recruitment diversity. Unfortunately, the recruit-

ment diversity has not been assessed; however, the rela-

tively high contribution of pocilloporids and the

intermediate numbers of coral recruits support the idea of

selectivity. Even though the percentages of live coral cover

might be restored, lower diversity in areas with strongly

degrading water quality such as Patong and partly around

the Phi Phi Islands (Chou et al. 2002; Yeemin 2004) might

be the consequence.

Therefore, higher sensitivity of the coral community

cannot be ruled out, which leads to a higher vulnerability of

a reef ecosystem to natural disturbances e.g. heavy storms.

This emphasizes the need of further monitoring activities

and the need of effective coastal management to maintain

viable conditions for Andaman Sea coral reefs, especially

where tourism is growing in great numbers.
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